Dimensionality is an important factor to govern the electronic structures of semiconductor nanocrystals. The quantum confinement energies in one-dimensional quantum wires and zero-dimensional quantum dots are quite different. Using large-scale first-principles calculations, we systematically study the electronic structures of semiconductor (including group IV, III-V, and II-VI) surface-passivated quantum wires and dots. The band-gap energies of quantum wires and dots have the same scaling with diameter for a given material. The ratio of band-gap-increases between quantum wires and dots is material-dependent, and slightly deviates from 0.586 predicted by effectivemass approximation. Highly linear polarization of photoluminescence in quantum wires is found. The degree of polarization decreases with the increasing temperature and size. a) Email: lwwang@lbl.gov 2
Introduction
Semiconductor nanocrystals, such as quantum dots (QDs) [1] and quantum wires (QWs) [2] are of intense scientific and technological interest. Their electronic structures can be tailored by their sizes and shapes, leading to many new applications from lasers, [3] biological cell labelling, [4] to solar cells. [5] In comparison with QDs, the study of QWs has attracted less attention because of the technical difficulties to synthesis them.
However, recently, high-quality semiconductor QWs can be fabricated by a solutionliquid-solid approach in wet chemistry. [4] [5] [6] [7] [8] [9] The diameter of the QWs synthesized in this way is small enough to show strong quantum confinement effect just like in colloidal
QDs. Then one natural task is to compare the quantum confinement effects in QWs and
QDs for the same materials. This gives us a way to study the effects of dimensionality [9] in the quantum confinement systems.
According to simple effective-mass approximation model, [10] [11] [12] the band gap increases of QDs and QWs from the bulk value is These questions have been addressed in some degree by experiments for some particular systems like InP and CdSe. [6] [7] [8] Here, we like to address these questions from ab initio calculations for many more materials: Si, InP, InAs, GaAs, CdSe, CdS, and
CdTe. Unlike the experiments where the exact diameters of the QD and QW always have some uncertainties due to size distribution, in our ab initio calculations, there is no such uncertainties.
To do ab initio calculations for thousand atom colloidal systems, we will use a recently developed charge patching method. This method has been applied successfully to calculate the electronic structure of unconventional semiconductor alloy with supercell containing 4096 atoms, [13] [14] [15] and IV-IV, III-V, II-VI thousand atom semiconductor QDs. [16] Before this method, empirical pseudopotential method (EPM) was used to calculate the electronic structure of semiconductor nanocrystals. [17, 18] Compared to the EPM method, charge patching method has the following advantages: (1) There is no fitting uncertainties which exists in the EPM method. There is no fitting procedure in the charge patching method. The charge patching method generates the local-density approximation (LDA) quality charge density of a large nano-system without doing a selfconsistent LDA calculation for the large system. (2) The surface passivation of a colloidal nanosystem is straight forward and physical. In EPM, it takes a long time to fit a surface passivation for a given material. Despite all these advantages, the charge patching method is relatively new, especially in its application to colloidal nanocrystals. Thus, the second task of this paper is to check the accuracy of this method, especially for the calculation of QWs. 
Method
can be solved using the linear scaling folded spectrum method (FSM) for the band edge states.
[19] The FSM searches for the minimum of
, where E ref is a reference energy placed inside the band gap. The details of this whole procedure are published in Ref. [16] .
We have studied Si, GaAs, InAs, InP, CdSe, CdS, and CdTe QWs in [111] growth directions (we will also call it c-axis or z-direction in the following). We use the experimental bulk lattice constants shown in Table I . The effective diameter of QWs is defined in terms of the number of atoms N wire in the wire (with one unit cell along [111] c-axis) as
, where a is the bulk lattice constant. We have used planewave basis sets and norm conserving pseudopotentials in our calculations. The kinetic energy cutoff for plane-wave basis set is listed in Table I . We found our calculated bulk band structures are in excellent agreement with all electron linearized augmented plane wave (LAPW) method results.
[20] The real space grids for the largest quantum wire are 320×320×64.
Results and Discussion
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We first test the accuracy of the charge patching method for QWs. The test is done by comparing the charge patching method calculated results with direct self-consistent LDA calculated results. We will test the calculated eigen energies and charge densities.
We will use InP as our test case, although similar results are found for other systems. Table I are even smaller. 
. The results are shown in Table I for different systems. Overall, we get a charge density error less than 1%, similar to what we get for semiconductor QDs. [16] After established the accuracy of the charge patching method, we can now use it to study the electronic states of various QWs. In with diameter of 5.18 nm is plotted in Fig. 3 (a) Fig. 3 (b) .
We fit g E ∆ with diameter d using an expression
. We get α = 1.10972 for InP QWs. The quality of the fitting is shown in Fig.3(c) . This α value we get is far away from the simple effective-mass value of α=2.
We have done the same fitting for the calculated QD band gaps. The fitted results of α and β are listed in Table III for all the systems we have calculated. By comparing the values between QD and QW, we have the following observations: (1) The difference of α between QD and QW for a same material is very small. Typically they are within 4%, except for CdS and CdTe, there the difference is about 6∼8%. (2) For these small differences, there is no systematic trend. For example, one cannot say α from QW is larger or smaller than the QD. (3) Given the small differences and the lack of trend, one can assume that the difference of α between QW and QD is probably due to fluctuation of the fitting, thus they can be set as the same. Note that the differences of α between different materials are more robust. Roughly, the IV-IV material of Si has α ≈ Fig.4 . We find that for the small QW, the polarization is almost independent of 8 the temperature, while for the large QWs, the polarization is significantly reduced at room temperature from zero temperature result.
Conclusions
We have performed ab initio charge patching calculations for large-scale semiconductor QWs and confirmed its accuracy in thousand atom QWs applications. The present method is reliably applied to all the semiconductor systems without any fitting parameters. All the errors of eigen-energies compared with self-consistent LDA calculations are within 50 meV. Both the calculated QW and QD band gap can be described as a formula Red, yellow, green, and blue colors indicate electron density from higher to lower. 
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